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(57) Abstract 

The present invention concerns a flue gas filter, in particular for filtering exhaust gas from diesel engines, comprising a casing having 
an exhaust gas inlet and an exhaust gas outlet and a filter body arranged in the casing, the filter body being composed of at least two 
segments which are of a porous heat-resistant material and which extend in the axial direction of the casing, the filter segments being 
arranged adjacent to each other, and an electrical heating element being arranged in at least one axial interstice between adjacent filter 
segments. The heating element may comprise an electrical resistance heating means enclosed in an electrically insulating material. The 
filter segments may be shaped substantially as a circle sector and the segments together may cross- sectionally substantially constitute a 
circle. The filter segments arc preferably made of porous SiC. 
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1 

A FLUE GAS FILTER COMPRISING A HEATING ELEMENT POSITIONED IN 
THE AXIAL INTERSTICE BETWEEN TWO FILTER SEGMENTS 

The present invention concerns an electrically regenerated 
flue gas filter, in particular for filtering exhaust gas from 
5 diesel engines, the filter having improved regeneration 
characteristics . 

The filter bodies of flue gas filters are conventionally made 
in a single piece with an electrical heating element posi- 
tioned at the outer surface of the filter body, such as along 
10 the circumference thereof. However, this arrangement incurs 
loss of thermal energy from the filter system as the heat 
delivered from one side of the heating element is transferred 
to the surroundings through a thermally insulating layer. 

One solution to the above problem may be seen from US-A- 
15 4,662,911 where a heating element is incorporated in a pre- 
f ilter placed upstream of the flow of the flue gas of the 
main filter body. This heating element is embedded in the 
pre- filter so as to avoid loss of heat to the surroundings. 
However, as the heating element is positioned outside the 
20 main filter body, heating of the most remote part of the main 
filter body will take a long time, as the heat from the 
heating element must pass through part of the pre- filter and 
all of the main filter body. 

25 A different approach, which is disclosed in WO 93/13303, is 
to use filter bodies which are electrically conductive and 
which, thus, may themselves form the heating element when 
connected to a power supply. However, most conductive 
materials suggested for filter bodies either have rather 

30 unsatisfactory thermal properties (this applies to metals, 
which have a too low melting point compared to the tempera- 
ture reached during regeneration) or (as far as ceramics, 
such as SiC, are concerned) show conductivity properties 
which are not optimal, such as a large variation of the 

35 electrical conductivity over the temperature range from 20 to 
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550°C. Also, obtaining a high quality and durable electrical 
connection to ceramic materials such as SiC is not easy due 
to their porous and semi -conductive character. 

The preferred dimensions of the filter bodies are typically 
5 defined by flow characteristics of the flue gas and the size 
of the engine delivering the flue gas. It is difficult to 
find materials which, when the filter body has a shape suit- 
able for the engine in question, have an electrical resis- 
tance suitable for the power supply. The electrical resis- 
10 tance of the heating element will define the load on the 
power supply. 

It is, of course, preferred to be able to select the dimen- 
sions of the filter body which are most suitable for the 
actual engine in question. 

15 According to the invention, the above problem is solved by a 
flue gas filter, in particular for filtering exhaust gas from 
diesel engines, comprising a casing having an exhaust gas 
inlet and an exhaust gas outlet and a filter body arranged in 
the casing, the filter body being composed of at least two 

20 segments which are of a porous heat-resistant material and 

which extend in the axial direction of the casing, the filter 
segments being arranged adjacent to each other, and an elec- 
trical heating element being arranged in at least one axial 
interstice between adjacent filter segments. 

25 By having the filter body partitioned into a number of filter 
segments, it is possible to place the heating element (s) 
between the filter segments. The heat generated by the heat- 
ing element is thus delivered almost entirely to the filter 
segments; in other words, the heat is delivered where it is 

30 desired. As will be understood, the axial direction of the 
casing corresponds to the overall direction of the flow of 
the flue gas. 
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Splitting up the filter body into a number of filter segments 
is known per se from JP Kokai 3- 121213 , where the filter body 
is partitioned to avoid cracking of the filter body due to 
thermal cycling of the filter body. Heating of this filter 
5 body takes place via a heating element contacting the end of 
.the filter body. 

According to the invention, it may be preferred to have an 
electrical heating element arranged in each axial interstice 
between adjacent filter segments so as to obtain a maximum 
10 heating surface of the filter segments and a homogeneous 
heating of the filter segments, thereby reducing thermal 
stresses. 

Naturally, also in filters according to the invention, part 
of the heat generated by the heating elements will escape to 

15 the surroundings, even where the filter body is surrounded by 
a thermally insulating material. However, in the flue gas 
filter of the invention, the heat is generated inside the 
filter body and is transported through the filter segments to 
the outer surfaces thereof contacting the thermally insulat- 

20 ing material. This means that the surface heating the 

thermally insulating material is the coldest surface of the 
assembly of the 1 filter segments and the heating elements, 
whereby the loss of heat to the surroundings is much lower 
compared to systems having a heating element directly con- 

25 tacting the thermally insulating material. 

Many types of heating elements may be used in the filter 
according to the invention. However, it is preferred that the 
heating element is an electrical heating element comprising a 
metallic resistance heating means. The metallic resistance 
30 heating means may be made of any kind of suitable metal or 
alloy able to withstand the temperatures generated during 
regeneration of the filter segments. 

In order to assure that no electrical short circuits are 
generated during operation of the filter, such as short 
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circuits between electrically conductive filter segments and 
the power conducting resistance heating means, it is prefer- 
red that the metallic resistance heating means is enclosed in 
electrically insulating material. 

5 The electrically insulating material may constitute a heat- 
conductive coating of the metallic resistance heating means. 
The thermal conductivity of this coating is preferably at 
least 1 W/mK, such as, e.g., 1-20 W/mK, in order to obtain 
sufficient transport of the heat from the metallic resistance 

10 heating means to the filter segments. A heat -conductive 

coating of this type may comprise a ceramic material, such as 
magnesia, alumina, zirconia or any combination thereof. 
Electrical heating elements comprising such a coating may be 
used in the form of plate -shaped elements or in the form of, 

15 e.g., thin pipe heating elements. 

Instead of forming the electrically insulating layer on the 
heating element, the electrically insulating material may be 
at least partially constituted by an electrically insulating 
surface of a filter segment. In this case, the electrical 

20 heating element may suitably comprise a flexible metallic 

resistance heating element having a round or polygonal cross 
section, such as a substantially circular or substantially 
square cross section, and being in heat -conductive contact 
with electrically insulating surfaces of adjacent filter 

25 segments. Examples of suitable flexible metallic resistance 
heating elements are a coiled wire and knitted threads. In 
order to keep such a metallic resistance heating means 
together or to strengthen it, the electrical heating element 
may comprise a flexible core material, such as a fibrous 

30 material, e.g. a fibrous ceramic or metallic material. 

Alternatively, the resistance heating means may be consti- 
tuted by a conductive plate or foil, in particular a metal 
plate or foil, which is optionally cut or cauterized into a 
meandering or labyrinth pattern and, in most embodiments, 
35 embedded in an electrically insulating material. When using 
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this type of resistance heating means, the total electrical 
resistance and, thus, its power consumption, may be altered 
by altering the pattern, i.e. the length, or the cross sec- 
tional area of the heating means. A smaller cross sectional 
5 area or a longer resistance heating means will give a higher 
electrical resistance, a higher power consumption and a 
higher heat generation. 

The segments of the filter body preferably have a cross 
sectional shape substantially as a circle sector, the seg- 

10 ments together cross -sectionally substantially constituting a 
circle. The overall circular cross section is preferred, as 
this is generally the preferred cross sectional shape of flue 
gas filters, such as diesel filters. Naturally, the filter 
segments may alternatively have other cross -sectional shapes, 

15 but the cross -sectional shapes should, of course, be so 

adapted that they define suitable interstices for incorpor- 
ation of the heating elements. 

Preferably, the number of segments is an even number larger 
than two. A preferred number of filter segments is four. As 
20 it is preferred to have all filter segments of the same 
shape, each segment preferably has a cross section as a 
circle quadrant. 

To obtain optimum heating of the filter segments, each filter 
segment should be placed in heat -conductive contact with a 
25 heating element along each of its radially extending faces. 
In the case of four substantially identically shaped filter 
segments, the heating element may have a cross section of a 
substantially symmetric right-angled cross. 

In one embodiment, each heating element has an angular cross 
30 section, the angle corresponding to the angle between the 
radial faces of the corresponding filter segment. In this 
case, one filter segment is in male- female relationship with 
one heating element, the two adjacent filter segments each 
being heated on one side by the same heating element. If the 
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number of heating elements is half the number of segments, 
and if the heating elements embrace every circumf erentially 
second filter segment, all radially extending surfaces are 
heated. 

5 If the heating elements are shaped as e.g. round thread or 
pipe elements, it is preferred that at least one of two 
opposite radial faces of two adjacent filter segments has 
indentations receiving the round heating elements. Thus, the 
surface structure of the adjacent filter segments will pre- 
10 vent displacement of the heating element. Normally, two 

opposite radial faces of two adjacent filter segments will 
have matching indentations receiving the heating elements. 

Any type of filter segment may be used in a filter according 
to the invention. However, filter segments made of a porous 
15 ceramic material are often preferred, as certain ceramic 
materials have superior characteristics compared to other 
materials. 

The porous ceramic material is preferably a particle -based 
ceramic material in which the pore size is substantially 
20 determined by the size of the particles. This type of 

material is easy to produce, e.g. by extrusion and sintering, 
and the porosity and pore size of the material, which define 
the filtering characteristics of the filter segment, are 
directly controlled by the starting materials. 

25 The presently preferred particle -based ceramic material is 

SiC, which is stable at high temperatures and in the presence 
of flue gasses. SiC has a high decomposition temperature, 
whereby melt -down of the filter segments is prevented. More 
advantages of this material are discussed in Example 6. 

30 The preferred structure of the filter segments is a structure 
wherein one of the axial faces of each filter segment consti- 
tutes a gas inlet side surface, the opposite axial face 
constituting a gas outlet side surface, a first plurality of 
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blind filtration cavities extending into the filter segment 
from the gas inlet side surface and a second plurality of 
blind filtration cavities extending into the filter segment 
from the gas outlet side surface, the blind filtration cav- 
5 ities of the first and second pluralities being arranged 
spaced apart and mutually juxtaposed. 

In this structure, the soot containing flue gas flows into 
the first plurality of cavities, through the porous walls 
separating the first and second pluralities of cavities and 
10 out through the second plurality. When the filtering charac- 
teristics of the porous material are properly selected, the 
gas may flow through the walls while the soot particles are 
retained in the filter segments. 

In order to have optimum flow characteristics of the filter 
15 segments, the blind filtration cavities are substantially 
parallel to the longitudinal axis of the filter segment. 

The invention will now be further described with reference to 
the drawing, wherein 

Fig. 1 is a cross sectional view of a first embodiment of 
a flue gas filter according to the invention employing a 
filter body comprising four filter segments and four electri- 
cal heating elements, 

Fig. 2 is a perspective view of an electrical heating 
element for use in the flue gas filter of Fig. 1, 

Fig. 3 is a cross sectional view of a second embodiment 
of a flue gas filter according to the invention employing a 
filter body comprising four filter segments and two electri- 
cal heating elements, 

Fig. 4 is a perspective view of an electrical heating 
element for use in the flue gas filter of Fig. 3, 

Fig. 5 illustrates a suitable pattern of a metallic 
resistance heating means in the electrical heating elements 
of Figs. 2 and 4, 



20 
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30 
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Fig. 6 is a cross sectional view through line A- A of Fig. 
3 of the second embodiment of a flue gas filter according to 
the invention illustrating another suitable pattern of a 
resistance heating means, 
5 Fig. 7 is a cross sectional view of a third embodiment of 

a flue gas filter according to the invention employing a 
filter body comprising four filter segments and one electri- 
cal heating element, 

Fig. 8 is a perspective view of an electrical heating 
10 element for use in the flue gas filter of Fig. 7, 

Fig. 9 is a cross sectional view of an element, two of 
which may suitably form the electrical heating element of 
Fig. 8, 

Fig. 10 is a cross sectional view of a fourth embodiment 
15 of an electrical heating element for use in a flue gas filter 
according to the invention, 

Fig. 11 is a cross sectional view of a fifth embodiment 
of an electrical heating element for use in a flue gas filter 
according to the invention, 
20 Fig. 12 is a cross sectional view of a flue gas filter 

according to the invention comprising a filter body compris- 
ing four filter segments and being adapted to receive a 
heating element having a substantially circular cross sec- 
tion, 

25 Fig. 13 is a side view of a filter segment suitable for 

use in the flue gas filter of Fig. 12, and 

Fig. 14 illustrates the filtering principle of a honey- 
comb filter. 

Fig. l illustrates a first embodiment of a flue gas filter 2 
30 according to the invention. This flue gas filter incorporates 
a filter body comprising four filter segments 4 each in 
thermal contact with an electrical heating element 6. It is 
seen that the heat generated in the electrical heating 
elements 6 is delivered in the inner parts of the flue gas 
35 filter 2 so that loss of heat to the surroundings is con- 
siderably reduced compared to filters incorporating a heating 
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element surrounding the filter segments. Fig. 2 is a perspec- 
tive view of the heating element 6. 

The filter 2 comprises four identically shaped filter seg- 
ments 4, each haying the shape of a quarter of a circle, and 
5 four identically shaped heating elements 6 shaped so as to 
fit the inner, radially extending parts of the segments 4. 
The filter segments 4 are preferably made of a honeycomb - 
shaped porous ceramic material, such as an extruded and 
sintered material manufactured as described in Example 6. 
10 Each of the heating elements are supplied with electrical 
connections for connecting the heating element 6 to a power 
source (not shown) . 

A cross sectional perspective view of a honeycomb structured 
filter segment may be seen from Fig. 14. It is seen that flue 
gas, designated by arrows 56, containing soot particles 58 
enters a channel 60 open at a flue gas inlet side surface 62 
of the filter segment 64. The flue gas 56 passes through the 
porous partition walls 66 of the segment 64 and enters chan- 
nels 68 open at a flue gas outlet side surface 70 of the 
segment 64 as filtered gas, designated by arrows 72. When the 
pore size of the porous walls 66 is properly selected com- 
pared to the typical size of the soot particles 58, the soot 
particles will be prevented from travelling with the gas 
through the walls 66. The soot particles 58 will, thus, 
remain in the filter segment 64 ointil this filter segment 64 
is heated and the soot 58 combusted. 

If a filter segment 4 were made of an electrically conductive 
material and if a heating element 6 were positioned adjacent 
to the filter segment 4 so that the power transmitted into 
30 the heating element 6 were able to travel to the filter 

segment 4, a reduced heat generation would be observed in the 
heating element 6 due to loss of power to the filter segment 
4. This may be avoided in a number of ways. One way is to 
supply the heating element 6 with an electrically non-con- 
35 ducting surface so that electrical power cannot leave the 
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element 6. Another way of avoiding the loss of power is to 
make the surface of the filter segment 4 less electrically 
conductive. If e.g. the filter segment 4 were manufactured as 
described in Example 6, which means that the filter segment 4 
5 were made of the electrically conductive ceramic material 
SiC, the SiC at the surface of the filter segment 4 could be 
doped with impurities, such as B or Al. This doping of the' 
SiC at the surface of the filter segment 4 will reduce the 
electrical conductivity of the surface without reducing the 
10 thermal properties of the SiC. 

If two heating elements 6 touch during heating, these 
elements 6 may not be able to deliver all the thermal energy 
generated. The elements 6 will thus obtain excess tempera- 
tures which may damage the heating elements 6, In order to 

15 avoid having the heating elements 6 touch each other, a layer 
of a heat insulating material 10, such as Interam®, is 
inserted between the individual heating elements 6. This 
layer 10 will also aid in gas- tightening the interstice 
between the heating elements during operation of the filter 

20 2. 

In the embodiment of Fig. 1, it may be preferred to omit the 
thermally insulating layer 10 and two diametrically posi- 
tioned heating elements 6. In this case, only two diametri- 
cally positioned heating elements 6 are present in the filter 
25 2, and these heating elements 6 are contacted by filter 
segments 4 on both sides. In this embodiment, the heating 
elements 6 supply heat to both sides of the heating element 
6. 

In order to avoid loss of thermal energy to the surroundings, 
30 the filter segments 4 and the heating elements 6 are embedded 
along the circumf erence in a layer 12 of a thermally insulat- 
ing material, such as Interam®, before being canned in a can 
14 holding the filter 2 during operation. 
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Another embodiment of a flue gas filter 18 according to the 
invention is seen in Fig. 3. A heating element 16 suited for 
use in the filter 18 is seen in Fig, 4 

This filter 18 uses four filter segments 4 as seen in Fig. l. 
5 The filter segments 4 are each contacted on one radially 
extending side by one of two heating elements 16. The two 
heating elements 16 are separated by a layer of a thermally 
insulating material 2 0 and a layer of a thermally insulating 
material is preferably introduced between the filter segments 
10 4 at the radially extending surfaces not contacted by the 

heating elements 16 in order to have a substantially circular 
outer circumference of the filter segments 4 and the heating 
elements 16; This will ease canning of the elements 4, 16 and 
20 in the can 14. 

15 Similar to the embodiment of Fig. 1, it may be preferred to 
omit the layer 20 and one of the heating elements 16 so as to 
have only one heating element 16 contacting all filter seg- 
ments 4 in the filter 18. In this way, only a small layer of 
material is required between the radially extending sides of 

20 the filter segments 4 not contacting the electrical heating 
element 16 in order to have a substantially circular circum- 
ference of the elements 4 and 16 . 

As in Fig. 1, the elements 4, 16 and optionally 20 are sur- 
rounded by a layer 12 of a thermally insulating material in 
25 order to reduce loss of thermal energy to the surroundings. 

Fig. 5 illustrates a example of a pattern of a metallic, 
resistance heating means 33 in the electrical heating 
elements 6 and 16 of Figs. 2 and 4. The actual pattern of the 
resistance heating means 33, e.g. meandering, will determine 
30 the extent of homogeneity with which the heating of the 
filter segments 4 takes place. 

Fig. 6 is a cross sectional . view along the line A- A of the 
flue gas filter of Fig. 3. It is seen that the layer 12 of 
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thermally insulating material is positioned between the 
heating element 16 and the can 14 . 



The heating element 16 comprises a resistance heating means 
22 which is positioned inside the heating element 16 and 
5 which through electrical connections 8 and through connectors 
24 are connected to a power supply (not shown) positioned • 
outside the filter 18. 

Depending on the surfaces of the filter segments 14 and the 
heating elements 6 and 16, a filter as seen in Figs. 1 and 3 

10 may not be sufficiently sealed to avoid leakage of gas 

between the heating elements 6 and 16 and the filter segments 
4. Leakage in the areas of the filter where the layers 10, 12 
and 20 of thermally insulating material are used may be 
reduced by employing a thermally insulating and thermally 

15 expanding material, such as Interam®, which will expand 

during use and regeneration of the filter segments 14 in the 
filter 2, 18 and, thus, seal these parts of the filter 2, 18. 



When the filter segments 4 and the heating elements 6, 16 
have hard surfaces, and when it is not desired to have a 
20 sealing material therebetween due to the thus lower thermal 
contact between the heating elements 6, 16 and the filter 
segments 4, gas tight sealing is preferably obtained as 
described below. 



A preferred embodiment of a leakage sealing may be seen from 
25 Fig 6, where the heating element 16 is chosen to have a 

length shorter than that of the filter segments 4 (which is 
substantially equal to the length of the layer 12) . The 
filter segments 4 and the heating element (s) 16 are aligned 
at one end of the filter 18, preferably at the gas output end 
30 of the filter 18 (the flow direction of the gas is given by 
arrow 26) . The interstice between the filter segments 4, at 
the gas inlet end of the filter 18, in which the heating 
element (s) 16 is not present, is subsequently filled by a 
thermally insulating, preferably thermally expanding, 
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material 13 so as to form a gas seal between the filter 
segments 4. At this end of the filter 18 there is no inter- 
face between the filter segments 4 and the heating elements 
16 but only filter segments 4 and the thermally insulating 
5 material 13. In this manner, a suitable sealing of the filter 
18 may easily be provided. 

Naturally, the above sealing method may also be used in 
connection with the first embodiment of the filter 2 of 
Fig, l. 

10 Fig. 7 shows a third embodiment of a filter 29 according to 
the invention. A heating element 28 suited for use in the 
filter 29 is shown in Fig. 8. 

The filter 29 incorporates four filter segments 4 as seen in 
Fig. l, and the heating element 28 has a cross section as a 
15 substantially right angled cross so as to fit between the 
four, filter segments 4. Again the elements 4 and 28 are 
surrounded by a thermally insulating layer 12 and canned in a 
can 14. 

The heating element 28 may be manufactured in a number of 
20 ways. One of these ways is manufacturing the heating element 
28 from two elements 30 which may be assembled to form the 
heating element 28. The elements 30 may be of the type shown 
in Fig. 9 in a cross section along line B-B in Fig. 8. The 
element 30 has an incision 32 of a width larger than the 
25 thickness of the element 30 and a length which should be 

longer than half the length of the element 30. Two elements 
of this type will form a cross which, when properly sized, 
will fit between the four filter segments of Fig. 8. 

The elements 30 of Fig. 9 preferably each comprises a resis- 
30 tance heating means 33 and electrical connections 8. The 

actual pattern of the means 33 on the elements 30 will depend 
on e.g. the material of the means 33. Fig. 9 further illus- 
trates suitable pattern of the resistance heating means 33 
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when the means 33 are formed from a sheet or plate of an 
electrically conducting material. Naturally, in order that 
the two elements 30 have the electrical connections 8 at the 
same end of the heating element 28, as is the case in Fig. 8, 
5 the two elements should have the electrical connections 8 at 
different ends. 

The above-mentioned sealing technique where the heating 
element is shorter than the filter segments and where a 
sealing layer is used to ensure a sufficiently low gas leak- 
10 age, may also be used in the present embodiment. 

Fig. 10 is a cross sectional view of a heating element 34 
having a substantially round cross section and comprising a 
core wire 36 surrounded by a number of smaller wires or 
threads 38. The wires 38 may be e.g. knitted around the wire 
15 36 so as to keep the wires 38 in place during operation and 
bending. The threads 38 may alternatively be substituted by a 
thin layer of an electrically conductive material. 

When the core wire 36 is a flexible high- temperature -with- 
standing material, such as a fibrous or thread-like material, 
and when the outer wires 38 are flexible, the heating element 
34 is flexible and may be bent, prolonged and compressed. 
This flexible element 34 may alter its cross section to a 
more elliptical cross section when e.g. compressed between 
two filter segments. When the flexible element 34 is e.g. 
compressed between two filter segments, the element 34 is 
kept in place due to the compression and the friction between 
the filter segments and the element 34 and will, thus, be 
more stable during operation. 

The electrical resistance of the heating element 34 may be 
30 chosen by selecting the materials and the dimensions of the 
wires 36 and 38. It may be preferred that the wire 36 has a 
very low electrical conductivity so that the heat is gener- 
ated mainly in the wires 38. 
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As the heating element 34 will be hot during regeneration of 
the filter body, it may be preferred to have a higher elec- 
trical conductivity at the ends of the heating element 34 
where the heating element 34 is connected to a power supply 
5 (not shown) . This higher electrical conductivity will reduce 
the heat generation in these parts of the heating element 34, 
whereby contact thereto may be made without danger of de- 
stroying the electrical connections connected to the ends of 
the heating element 34. This higher electrical conductivity 
10 may e.g. be obtained by applying two or three times the 
number of wires or threads 38 at the ends of the heating 
element 34 or by increasing the thickness of the wires 38 at 
the ends of the element 34. 

Fig. 11 illustrates a cross section of an other embodiment of 
15 a heating element 40 having a substantially circular cross 
section. This filter element 40 comprises a resistance heat- 
ing means 42 in the centre of the heating element 40. The 
means 42 is positioned within a tube 44 and a heat conducting 
and electrically insulating material 46 , such as a powder, is 
20 positioned between the means 42 and the tube 44 in order to 
conduct the heat from the means 42 to the surface of the 
heating element 40 while electrically insulating the sur- 
roundings and the tube 44 from the means 42. This type of 
heating element may. be seen in e.g. water heaters. 

25 This type of heating element 40 is, as is the case with the 
heating element 34 of Fig. 10, flexible, and it may be bent 
in substantially all shapes suitable for a heating element in 
a filter according to the invention. 

A cross section of a filter 50 according to the invention 
30 which is adapted to receive heating elements of the types 

shown in Figs. 10 or 11 appears from Fig. 12, and a suitable 
filter segment 52 for use in the filter 50 is shown in Fig. 
13. 
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From Fig. 12 it is seen that the filter segments 52 have 
grooves 54 in the radially extending surfaces for receiving 
heating elements having a substantially circular cross sec- 
tion. The grooves and the shape of the heating elements may 
5 naturally be chosen to be other than circular, such as 
square, triangular, etc. 

In the filter 50 of Fig. 12, the filter segments 52 (See Fig. 
13) have grooves 54 parallel to the axis of the filter seg- 
ments 52 . The grooves 54 pref erably do not to extend along 
10 the whole of the length of the filter segments 52; In order 
to allow the heating element 34, 40 to bend at the ends of 
the filter segments 52 without extending beyond the ends of 
the filter segments 52, the grooves 54 are not present at the 
ends 53 and 55 of the filter segments 52 (See Fig. 13) . 

15 Thus, the heating element 34, 40 of the filter 50 may follow 
a meandering path through the grooves 54 of the filter seg- 
ments 52 and bending outside the grooves. 

The filter segments of 52 may be manufactured in any suitable 
way, such as casting, injection moulding and by extrusion. 

20 Extrusion is the presently preferred manufacturing method as 
the filter segment 52 may easily be extruded to have the 
cross section seen in Fig. 12, whereafter the material form- 
ing the grooves 54 at the ends 53 and 55 of the segment 52 is 
removed, the channels of the honeycomb structure are closed 

25 in a manner known per se . and the segments 52 are dried and 
sintered as e.g. described in Example 6. 

Naturally, the above -mentioned preferred way of gas sealing 
the filter by choosing the length of the filter segments 52 
larger than that of the heating element and by adding a 
30 sealing material at one end of the filter may also be used in 
this embodiment of the filter according to the invention. 



The invention is further illustrated by the following 
examples . 
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EXAMPLE 1 

Particle filter systems used on vehicles are typically sized 
according to the size of the engine of the vehicle. These 
particle filter systems, used on e.g. fork lift trucks, are 
5 normally not able to contain the total amount of soot fil- 
tered from the exhaust gas during a whole days work without 
generating an unacceptably high back pressure. Thus, the 
filter system should be regenerated at least once during a 
working day. In order not to slow down the work of the fork 

10 lift truck and its driver, this regeneration could take place 
during e.g. the driver's lunch break. Thus, the regeneration 
of the filter system should take place in less than e.g. 30 
minutes. No other presently commercially available filter 
systems are able to regenerate during this small time inter- 

15 val. 

When regenerating the present system, a 220 V or a 380 V 
power supply may be used. Additionally, an air pump supplying 
air, such as a compressed air supply, and thus oxygen to the 
regenerating filter system may be used in order to further 
20 speed up the regeneration time of a filter system. 

A system was manufactured having a filter body comprising a 
set of four identically sized filter segments of the type 
described in Example 6 (See also WO 93/13303) and having a 
cross section substantially being a circle quadrant, as seen 
25 in Fig. l, and a heating element according to the present 
invention having the shape of a cross fitting between the 
filter segments (See Fig. 7) . The filter body has a total 
volume of 6 litres. 

The present heating element was manufactured by coiling two 
30 Ni/Cr metal wires, having a diameter of l mm, into springs 
having an outer diameter of 9 mm. These metal coils form the 
resistance heating means and will heat the heating element 
once connected to a power supply. Each metal coil was cast 
into Aluminum Oxide cement to form two elements of the type 
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seen in Fig. 9 having wall thicknesses of 12-15 mm in which 
the coils were totally embedded except for four connecting 
wires for the power supply. The coils were each placed in a 
suitable mould whereafter the cement was added and allowed to 
5 dry. 

When assembled, the two elements formed a cross-shaped heat- 
ing element having a length of 250 mm, four legs each of a 
length of 85 mm and comprising two heating springs embedded 
in an electrically insulating material. 

10 Due to the outer surface of the heating element being made of 
an electrical insulator, the filter segments, which in this 
embodiment are made of an electrically conducting material 
(SiC) , may be placed in direct contact with the heating 
element without loss of electrical power from the heating 

15 element to the filter segments. In order to thermally isolate 
the filter segments from the surroundings, a layer having a 
thickness of 2 x 6.5 mm of Interam® (a Vermiculite- based heat 
expanding material) was placed around the assembled elements 
before fitting these into a container made of e.g. stainless 

20 steel, such as a high Cr low Ni content material with a 

relatively low thermal expansion coefficient, such as in the 
order of 12-13 • 10~ 6 m/K. 

The total impedance of each of the two resistance heating 
means was 24Q giving a total power consumption of 2 x 2 kW 
25 for the two resistance heating means connected in parallel in 
the heating element and when using a 22 0 V AC power supply. 

Due to the favourable position of the heating element, the 
filter segments in the present filter system could be heated 
from room temperature (20 °C) to regeneration temperature 
30 (550°C) in 28 minutes when using a 220 V power supply. 



The regeneration of the filter body takes place by heating 
the filter segments to a temperature where the collected soot 
reacts with oxygen and forms Carbon dioxide and water. This 
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regeneration temperature is in the order of 550 °C when per- 
formed in an atmosphere containing 21% oxygen. As the regen- 
erating filter segments are typically positioned in the 
exhaust system of a vehicle in a position where the only 
5 connection to the atmosphere is through the exhaust pipe, the 
available amount of oxygen may be quite small. Thus, the 
regeneration of the heated filter body is typically con- 
trolled by the supply of oxygen. 

In a system where the supply of oxygen is small, the regener- 
10 ation of the filter segments may take e.g. an hour. However, 
if air is introduced between the manifold and the filter 
system, such as in an amount of in the order of 150 1/min, 
the regeneration may take place in a relatively smaller time 
interval, such as 5 minutes, due to the increased supply of 
15 oxygen. Thus, by regulating the supply of air introduced in 
the filter segments, the regeneration speed may be control- 
led. 

Naturally, if air is led through the filter segments when 
these are heated, the air will be heated and, thus, the 
20 filter segments will be cooled. Therefore, it is preferred 
that air is not supplied until the filter segments have 
reached a temperature where the regeneration can take place. 

EXAMPLE 2 

A filter system of the type described in Example 1 comprising 
25 the same number and type of filter segments was equipped with 
two plane heating elements of the type seen in Pigs. 3 and 4. 

Each heating element was manufactured by cauterizing a 0.3 mm 
thick Kanthal Ni/Cr metal alloy foil to create a thin heating 
element. Cauterization may be performed in much the same way 
30 as making circuits on a printed board for use in electronics. 
Any suitable pattern may be used, such as a meandering or 
labyrinth pattern as seen in Figs. 5, 6 and 9. 



i 
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The cauterized foil was placed between two sheets of Mica, 
which is a mineral based on Muscovite, together with an 
organic binder for holding together the heating element 
before introduction into the filter system. The organic 
5 binder may either be allowed to dry under pressure at room 
temperature or the heating element may be placed under pres- 
sure in an oven at e.g. 150°C in order to have the binder dry 
more quickly. 

The final heating element was shaped as a board having a 
10 thickness of 3 mm and side lengths of 175 mm and 250 mm. As 
in Example 1, the outer surface of the heating element is an 
electrical insulator whereby the heating element may be 
placed in direct contact with electrically conducting filter 
segments. The electrical resistance of each heating element 
15 was 24 Q giving a power consumption of 2 kW when connected to 
a 220 V AC power supply. 

The two heating elements and the four filter segments were 
arranged as seen in Fig. 3. The heating elements were sepa- 
rated by a layer of Interam® having a thickness of 6.5 mm. 
20 The assembled elements were thermally isolated from the 

surroundings by a layer of Interam® of a thickness of 18 mm 
before fitting into a stainless steel container. 

The filter segments of a system of this type may be heated 
from room temperature (20 °C) to regeneration temperature 
25 (550°C) in 20 minutes consuming 4 kW, when the two heating 
elements are connected in parallel to a 22 0 V AC power sup- 
ply. 

The difference in heating times between the filters of 
Example l and Example 2 is mainly due to different 
30 thicknesses (and the weights) of the electrically insulating 
layers between the resistance heating means and the filter 
segments in the two embodiments. 

EXAMPLE 3 
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It may also be desired to have the filter system regenerated 
during operation of the vehicle. In this case, the impedance 
of the heating element should be adapted to a low-voltage 
power supply. 

5 A set of four filter segments of the type and size described 
in Example 1 were used together with four heating elements as 
seen in Fig. 2. 

Each heating element was manufactured by cauterizing a 1 mm 
thick Ni/Cr metal alloy foil into a suitable pattern, such as 
10 a meandering or labyrinth pattern. Each heating element had 
the electrical resistance of 0.24 Q. 

As the presently preferred filter segments are electrical 
conductors (made of SiC) , a layer of 1 mm of a heat-resistant 
cement, such as one based on Zirconia and Alumina (Hinckley - 
15 Sauereisen No, 8) , is applied to those sides of the filter 
segments which are to contact the heating elements so as to 
form an electrical insulation between the heating elements 
and the filter segments. 

Naturally, the cement should be able to withstand the high 
20 temperatures, however, the above-mentioned cement is also 
interesting as it has a large electrical insulation, a high 
thermal conductivity and approximately the same thermal 
expansion coefficient as the SiC in the filter segments 
(~5-10" 6 mK) , which means that cracks due to thermal cycling 
25 will be prevented or reduced. 

After application and drying of the cement, the heating 
elements may be applied to the filter segments. The heating 
elements do not have to be fastened to the filter segments as 
the relative positioning of the individual elements will be 
30 fixed once canned. The individual heating elements were 
separated by a layer of Interam® having a thickness of 
6.5 mm, and the assembled elements were surrounded by a 
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2x6.5 mm layer of Interam® in order to reduce the heat loss 
to the surroundings. 

Furthermore, the above-mentioned cement may be applied in a 
manner so that the filter segments obtain a surface struc- 
5 ture, such as grooves, compatible with the desired shape of 
the heating element so as to support the heating element 
during operation. 

The heating elements were coupled in parallel two-and-two, 
whereby two heating elements coupled in parallel obtained a 
10 power consumption of 2.4 kW when using a 24 V DC power sup- 
ply. This filter segments of the filter system, now having a 
total power consumption of 4.8 kW, were heated from 100°C to 
500 °C in approximately 16 minutes using a setup wherein the 
two pairs of heating elements are connected in parallel. 

15 It may be preferred to add control electronics for control- 
ling the power consumption of this filter system in order to 
secure that the battery of the vehicle is not overloaded. 
Thus, a maximum limit for the power consumption may be 
desired. Naturally, this may prolong the regeneration time, 

20 however, a compromise between regeneration time and power 
consumption may easily be made. 

EXAMPLE 4 

Another type of heating element may be made by arranging a 
number of relatively thin metal wires around a core wire, 
25 such as one made of an oxide fibrous material (See Fig. 10) . 
The thin wires may be knitted around the core wire so as to 
hold the core wire together and to keep the thin wires in 
position during operation. 

It may be preferred that the core wire is made of an electri- 
30 cally conducting material, such as one or more strands or 
threads of a metal material. It may optionally be preferred 
that the core wire is not electrically conducting and, thus, 
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made of an electrically non-conducting material, such as a 
ceramic material. The similar situation applies to the thin 
wires, which may or may not be electrically conducting. 

The thin wires may optionally be replaced by a thin coating 
5 of a material having the desired properties. 

Whether the core wire and/or the thin wires is or is not 
electrically conducting will depend on the desired total 
electrical resistance of the heating element and on whether 
the surface of the heating element is desired to be electri- 
10 cally conducting or not. 

The thin wires typically have a diameter of 0.02-2.0 mm, and 
they are typically made of a Ni and Cr- containing material. 
The heating element will typically contain 10-300 thin wires. 
The core wire may also be made of 10-3000 threads or wires of 
15 a thickness of 0.02-2.0 mm. The heating element will typical- 
ly have a length of 1-10 m. 

This new heating element is flexible and may be bent in quite 
small radii, compressed and expanded lengthwise depending on 
the actual centre wire material. As the heating element is 
20 compress ible, it adapts very well to the filter segment 

dimensions and it tolerates and compensates for small manu- 
facturing variations in the size of the filter segments. 

Electrical contact to this heating element may be obtained by 
applying the "metal wire hose" or optionally the conducting 

25 core wire in a double, triple or quadruple layer in a length 
of e.g. 100 mm at each end of the heating element. As the 
electrically conducting wires are present in more than twice 
the amount at the ends, the electrical resistance per length 
at these ends will be lower that of the rest of the heating 

30 element. Thus, the heat generation at these "cold ends" will 
be smaller, thus permitting direct contact between the heat- 
ing element and electrical cable thimble connections. 
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This heating element may be shaped in any suitable shape 
depending on the shape and number of filter segments. If 
required, electrical insulation between the filter segments 
and the heating element (s) may be obtained using the Zirconia 
5 Alumina cement of Example 3. Additionally, a filter segment 
especially suited for use in connection with this type of 
heating element will be described in Example 6 

EXAMPLE 5 

Another type of heating element suitable for this type of 
10 filter system is the so-called pipe-heating element seen in 
e.g. water heaters. In this heating element a heating wire is 
placed in a metal tube, and a Magnesium Oxide powder is 
positioned between the tube and the wire to thermally connect 
and electrically insulate the heating wire and the surround- 
15 ings and the metal tube (See Fig. 11) . 

The heating wire may be made of e.g. a Ni and Cr- containing 
material having a diameter of e.g. 0.3 mm. The heating wire 
may be coiled inside the tube. The metal tube may be made of 
e.g. Inconel or AISI 316T, or a similar high temperature 
20 withstanding alloy, and have an outer diameter of 2-10 mm. 
The total length of the heating element will depend on a 
number of features of the filter, however, the length is 
typically 1-8 m. 

This heating element may be bent to any shape suitable in a 
25 filter according to the invention. 

Two heating elements of the above type suitable for the use 
in a filter system as seen in e.g. Fig. 12 were manufactured. 
Each heating element had a length of 2 . 1 m and comprised a 
coiled heating wire of a diameter of 0.3 mm, Magnesium oxide 
30 powder and a tube of AISI 316T having an outer diameter of 
6.5 mm. Two heating elements of this type having a total 
power consumption of 4 kw are able to raise the temperature 
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of the four filter segments from room temperature to 550 °C 
in the order of 15 minutes . 

EXAMPLE 6 

In this Example, the manufacture of the presently preferred 
5 filter segments will be described. The preferred filter 
segments are made 6f a ceramic material (SiC) which has a 
number of superior advantages when positioned in high- tem- 
perature flue gas and when exposed to high temperature regen- 
eration where a large amount of soot is combusted. 

10 SiC has a high decomposition temperature (higher than 2000 °C) 
and the preferred filter segment has a high thermal conduc- 
tivity which together prevent melt -down of the filter segment 
even during a violent regeneration where a large amount of 
soot is combusted in a short period of time. Furthermore, SiC 

15 is stable in the presence of high- temperature corrosive flue 
gasses, which has severe effects even on acid-resistant 
stainless steel. 

A plastic mixture was manufactured by mixing 70 wt% Mesh 240 
SIKA 1 SiC particles from Arendal, with 10 wt% SiC having a 

20 particle size of about l /on. Plasticity was obtained by 
adding to the mixture 6 wt% Methyl cellulose (dry powder, 
e.g- Tylose from Hoechst) , 18 wt% water and 6 wt% ethanol. 
The dry powder components were mixed, typically in batches of 
a size of 10 to 20 kg, for 30 min. , whereafter the ethanol 

25 was added, and the mixture was mixed for another 10 min. Then 
the last ingredient, water, was added and the resulting paste 
was puddled for 30 min. The final paste appeared stiff but 
plastic, and it was adequate for plastic forming methods, 
such as extrusion or roller and jigger casting. The resulting 

30 paste may be stored for several weeks before forming/drying 
and sintering. 

The plastic paste was fed to a standard extruder comprising a 
plunger and a screw barrel interconnected by a vacuum cham- 
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ber. The extrusion operation pressure was in the order of 15- 
35 bar, and the temperature was typically in the range 25- 
45°C. 

By the extrusion of the filter segments, often called green 
5 bodies, a number of geometries have been produced. One pre- 
ferred geometry of the filter segments is seen in Fig. 1, 
another is seen in Fig. 12. After extrusion, the green bodies 
were dried for 10 to 200 hours under controlled humidity (40- 
90 %rh) and temperature (room temperature to 100 °C) . The 
10 linear drying shrinkage of the green bodies usually amounts 
to 1-2%. 

The geometry of the green body and, thus, the final filter 
segment is defined by the extrusion die. If a filter segment 
having the structure of Fig. 12 is desired, the extrusion die 

15 should be adapted to also form the grooves on the radially 
extending sides of the filter segments. After extrusion and 
either before or after drying the green bodies, the material 
forming the grooves at the ends 53 and 55 of a green body may 
be removed by simple tooling. The radially extending surfaces 

20 of the green bodies is preferably transformed into a plane 
surface at or lower than the level of the bottom of the 
grooves . 

The dried green bodies have a high handling strength allowing 
both machining and arrangement of the green bodies in a 
25 furnace. After drying, the channels of the green bodies were 
alternately closed in one end so as to form the preferred 
honeycomb structure (See Fig. 14) . 

Sintering was carried out in a furnace at temperatures up to 
2450 °C. The binder is removed due to pyrolysis when heated to 
30 a temperature in the range of 300-500°C. The atmosphere in 
the furnace is typically argon buffered by the gaseous spe- 
cies Si/SiO/CO. The sintering of the coarse -particled SiC in 
the filter segments is enhanced by the presence of the ultra 
fine-grained SiC either added directly in the paste, or 
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generated from a reaction between the optionally added Si0 2 
and/or carbon black (or pyrolyzed binder) also added to the 
past. 

Due to the smaller radii of curvature, the fine-grained Sic 
5 particle fraction evaporates before the larger Sic particles 
constituting the actual filter segment. Subsequently, the 
evaporated fine-grained particle fraction condenses at the 
particle contacts between the larger particles giving a full 
SiC inter-grown porous structure. Thus, as the sintered 

10 material is now constituted by the larger SiC particles 
interconnected by the SiC formed by the evaporated and 
subsequently condensed fine-grained SiC particles, the 
initial size and the size distribution of the large SiC 
particles directly defines the pore size and the porosity of 

15 the sintered material. The porosity of the sintered material 
is in the order of 50% and the pore size is in the order of 
35 /xm. 

This structure has a high physical strength and thermal and 
electrical conductivity as the filter segment consists sub- 

20 stantially of only one material, SiC, and no other materials 
having less optimal properties are present in the sintered 
structure. As mentioned above, SiC has a number of superior 
properties for the use in high- temperature flue gas filter- 
ing. As the amount of SiC condensed at the particle bound - 

25 aries may be controlled by the amount of added fine-grained 
SiC, strong interconnections in the particle boundaries may 
be obtained. These strong interconnections also increase the 
electrical and thermal conductivity of the sintered filter 
segment . 

30 The thus manufactured filter segments may be directly used in 
the different above-mentioned embodiments of the filter 
according to the invention. 

If the heating element used in a filter according to the 
invention has direct electrical contact between the resis- 



WO 94/21900 PCT/DK94/00108 

28 

tance heating element and the surface of the heating element, 
an electrical short circuit between the heating element and 
the filter segment may occur. Different methods may be used 
to prevent this short circuit : 



5 An electrically insulating layer may be placed between the 
filter segment and the heating element, e.g. in the form of 
the cement disclosed in Example 3. This cement may also be 
used when the filter segments are manufactured with grooves 
as seen in Figs. 12 and 13. Thus, when incorporating a layer 
10 of the cement, the heating element, of Example 4 may be used 
in connection with the preferred filter segment without 
requiring the small wires of the heating element to be elec- 
trically insulating. Also a simple coiled heating wire may be 
used as a heating element. 



15 Alternatively, the outer radially extending faces of the 

filter segments may be doped with impurities. This doping is 
typically performed by adding the impurity in the form of a 
powder to the actual surface before sintering. It is well 
known that certain impurities will reduce the electrical 

20 conductivity of SiC, whereby the surface layer of the filter 
segments may be made less electrically conducting by way of 
doping . 

If the surface of the present filter segment is doped to have 
only a small electrical conductivity, this filter segment may 
25 be used in connection with all the above-mentioned heating 

elements without the need of additional electrically insulat- 
ing layers between the electrical resistance heating means 
and the filter segments. 



As described above, it may be desired to insert a sealing 
30 material between the filter segments at one end of the filter 
and that, therefore, the length of the heating element (s) is 
smaller than that of the filter segments. If the filter 
segments incorporates grooves, more of the material forming 
the grooves may be removed at one end of the filter segments. 
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In this way, the heating elements are able to curve at a 
position closer to the middle of the filter segments and, 
consequently, leave room for the sealing material. 
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CLAIMS 

1. A flue gas filter, in particular for filtering exhaust gas 
from diesel engines, comprising a casing having an exhaust 
gas inlet and an exhaust gas outlet and a filter body 

5 arranged in the casing, the filter body being composed of at 
least two segments which are of a porous heat-resistant 
material and which extend in the axial direction of the 
casing, the filter segments being arranged adjacent to each 
other, and an electrical heating element being arranged in at 
10 least one axial interstice between adjacent filter segments. 

2. A flue gas filter according to claim 1, wherein an elec- 
trical heating element is arranged in each axial interstice 
between adjacent filter segments. 

3. A flue gas filter according to claim l or 2, wherein the 
15 electrical heating element comprises a metallic resistance 

heating means . 

4. A flue gas filter according to claim 3, wherein the metal- 
lic resistance heating means is enclosed in electrically 
insulating material . 

20 5. A flue gas filter according to claim 4, wherein the elec- 
trically insulating material constitutes a heat -conductive 
coating of the metallic resistance heating means. 

6. A flue gas filter according to claim 5, wherein the heat- 
conductive coating comprises a ceramic material, such as 

25 magnesia, alumina, zirconia or a combination thereof. 

7. A flue gas filter according to claim 4, wherein the elec- 
trically insulating material is at least partially consti- 
tuted by an electrically insulating surface of a filter 
segment . 
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8. A flue gas filter according to claim 7, wherein the elec- 
trical heating element comprises a flexible metallic resis- 
tance heating element in heat -conductive contact with elec- 
trically insulating surfaces of adjacent filter segments. 

5 9. A flue gas filter according to claim 8, wherein the flex- 
ible metallic resistance heating element is constituted by a 
coiled wire. 

10. A flue gas filter according to claim 8, wherein the 
flexible metallic resistance heating element is constituted 

10 by knitted threads, 

11. A flue gas filter according to any of claims 8-10, where- 
in the electrical heating element comprises a flexible core 
material, such as a fibrous material or a thread material. 

12. A flue gas filter according to claim 3, wherein the 

15 metallic resistance heating means is constituted by a plate 
or foil which is optionally cut or cauterized into a meander- 
ing or labyrinth pattern. 

13 . A flue gas filter according to any of the preceding 
claims, wherein the cross -section of each segment is shaped 

20 substantially as a circle sector, the segments together 
cross -sectionally substantially constituting a circle. 

14. A flue gas filter according to claim 13, wherein the 
number of segments is an even number larger than two. 

15. A flue gas filter according to claim 14, wherein each 
25 segment has a cross section as a circle quadrant. 

16. A flue gas filter according to any of claims 13-15, 
wherein each filter segment is in heat -conductive contact 
with a heating element along each of its radially extending 
faces. 
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17. A flue gas filter according to claims 15 and 16, wherein 
the heating element has a cross section of a substantially 
symmetric right-angled cross. 

18. A flue gas filter according to any of claims 14-16, 

5 wherein each heating element has an angular cross section, 
the angle corresponding to the angle between the radial faces 
of the corresponding filter segment, the number of heating 
elements being half the number of segments, the heating 
elements embracing every circumf erentially second filter 
10 segment. 

19. A flue gas filter according to any of claims 8-11, where- 
in at least one of two opposite radial faces of two adjacent 
filter segments has at least one indentation receiving the 
round metallic resistance heating elements. 

15 20. A flue gas filter according to claim 19, wherein two 
opposite radial faces of two adjacent filter segments have 
matching indentations receiving the heating elements. 

21. A flue gas filter according to claim 19 or 20, wherein 
the indentation or indentations are substantially parallel to 

2 0 the axis of the segment or segments. 

22. A flue gas filter according to claim 21, wherein a seg- 
ment face having an indentation or indentations has at least 
one end portion which is constituted by a substantially plane 
surface the level of which is substantially the level of the 

25 bottom of the indentation or indentations. 

23. A flue gas filter according to claim 22, wherein both end 
portions of the segment face are constituted by a substan- 
tially plane surface the level of which is substantially the 
level of the bottom of the indentation or indentations. 
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24. A flue gas filter according to any of the preceding 
claims, wherein the filter segments are made of a porous 
ceramic material . 

25. A flue gas filter according to claim 24, wherein the 

5 porous ceramic material is a particle-based ceramic material 
in which the pore size is substantially determined by the 
size of the particles. 

26. A flue gas filter according to claim 25, wherein the 
particle -based ceramic material is Sic. 

10 27. A flue gas filter according to any of claims 24-26, 

wherein one of the axial faces of each filter segment consti- 
tutes a gas inlet side surface, the opposite axial face 
constituting a gas outlet side surface, a first plurality of 
blind filtration cavities extending into the filter segment 

15 from the gas inlet side surface and a second plurality of 
blind filtration cavities extending into the filter segment 
from the gas outlet side surface, the blind filtration cavi- 
ties of the first and second pluralities being arranged 
spaced apart and mutually juxtaposed. 

20 28. A flue gas filter according to claim 27, wherein the 

blind filtration cavities are substantially parallel to the 
longitudinal axis of the filter segment. 

29. A filter body for use in a flue gas filter, in particular 
for filtering exhaust gas from diesel engines, the filter 

25 body being composed of at least two segments which are of a 
porous heat-resistant material and which extend in the axial 
direction, the filter segments being arranged adjacent to 
each other, and an electrical heating element being arranged 
in at least one axial interstice between adjacent filter 

30 segments. 
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30. A filter body according to claim 29, wherein an electri- 
cal heating element is arranged in each axial interstice 
between adjacent filter segments. 

31. A segment for use in a filter body according to claim 30, 
5 the segment having a cross section substantially as a circle 

sector, at least one radial face having at least one indenta- 
tion receiving a round metallic heating element. 

32. A segment according to claim 31, wherein the at least one 
indentation is substantially parallel to the axis of the 

10 segment. 

33. A segment according to claim 32, wherein a segment face 
having at least one indentation has at least one end portion 
which is constituted by a substantially plane surface the 
level of which is substantially the level of the bottom of 

15 the indentation or indentations. 

34. A segment according to claim 33, wherein both end por- 
tions of the segment face are constituted by a substantially 
plane surface the level of which is substantially the level 
of the bottom of the indentation or indentations. 

20 35. A segment according to any of claims 31-34, the segment 
being made of a porous ceramic material. 

36. A segment according to claim 35, wherein the porous 
ceramic material is a particle-based ceramic material in 
which the pore size is substantially determined by the size 

25 of the particles. 

37. A segment according to claim 36, wherein the particle- 
based ceramic material is SiC. 
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